In this paper, artisanal gold mining (ASM) and its associated mercury pollution of surface water in West Africa is characterized as a complex (wicked) problem in which stakeholders have conflicting interpretations of the problem and the science behind it, as well as different values, goals, and life experiences. Using fieldwork in 5 west African countries (Benin, Burkina Faso, Ghana, Mali and Senegal), the paper argues that the multiple framings of ASM as a human health, environmental, socio-economic, man-made hazard, technological, political, and policy issue by various actors and the overlap of these framings underscore the complexity and seemingly intractable nature of the problem.
Introduction
Artisanal gold mining (ASM) is the single largest demand for mercury in the world. An estimated 1400 tonnes of mercury were used by ASM miners globally in 2011 [1] . ASM is the largest source of mercury pollution to air and water combined [1] . Today, artisanal gold is the world's second greatest source of atmospheric mercury pollution after coal combustion, according to the United Nations Environment Programme (UNEP). And with gold prices now exceeding US$1,600 per ounce (up from less than US$500 in the 1980s), ASM is on the rise along with its mercury problem.
Mercury is a powerful neurotoxin that is harmful to people, but especially to developing fetuses, and young children [2] . It is estimated that between 10 and 15 million artisanal and small scale gold miners worldwide, including 4.5 million women and 600,000 children are exposed to the mercury amalgamation process [3] . This process transforms elemental mercury into methyl mercury, one of the most toxic organic compounds and a powerful neurotoxin that works its way up the food chain through bioaccumulation [4, 5] .
Although ASM is a long-standing component of livelihoods in West Africa, its proliferation is both unprecedented and unparalleled especially in Benin, Burkina Faso, Ghana, Mali, and Senegal. In part, the proliferation can be attributed to the global price of gold, which is at the highest level ever, such that more people throughout these countries, have been drawn to artisanal gold mining activities. Mercury is the cheapest and easiest gold extraction method. Mercury-free gold extraction methods require more capital, training, and organization than many artisanal gold miners have access to. The deleterious effects of gold mining-induced mercury pollution in West African countries have, severally, been delineated. For instance, some human health impacts emanating from the use of mercury in gold mining have been identified in Benin [6] , Burkina Faso [7] , Ghana [8, 9] , Mali [10] and in Senegal [3] . Yet, attempts over the last few decades to regulate ASM and its attendant mercury pollution have met with chronic policy failure. This failure epitomises existing gaps in our current understanding of the ASM-mercury pollution-human health-policy nexus; and it also reflects our limited understanding of system structure and behavior of the ASM issue; both of which are motivations for this paper. In fact, the persistence of mercury in ASM and the proliferation of its environmental and human health effects pose significant challenges to sustainability.
From a complex systems perspective, this paper attempts to use Ghana as case study in analysing stakeholders in ASM in West Africa by categorising actors in terms of their characteristics, interests, resource use, influence and importance; elicit the fundamental nature of ASM in the selected West African countries and; explain why ASM has resisted several attempts at regulating it, and by extension, why mercury use and surface water pollution persists. In this context, ASM and its associated mercury pollution will be characterized as a wicked problem for public policymaking using the schema proposed by Rittel and Webber in their seminal paper on dilemmas in policy planning. Also, this paper will assess the manner in which some actors in ASM in West Africa have separately framed the issue. This is important because a nuanced understanding of the problem and subsequently, finding effective solutions to it are both contingent on how the issue is framed or conceptualised.
The term 'wicked' in this context is used, not in the sense of evil, but as an issue highly resistant to resolution. The terminology 'wicked' was originally proposed by [11] . In a landmark article, the authors observed that there is a whole realm of social planning problems that cannot be successfully treated with traditional linear, analytical approaches. The original focus of the wicked problem literature was on systems design at a more 'micro' level, but the concept has gradually been applied to broader social and economic policy problems. Since then, several synonymous terms for wicked problems have emerged. Most notable are the terms messes [12, 13] ; social messes [14] ; messy policy problems [15] ; hard problems [16] ; adaptive problems [17] ; policy controversies [18] and illstructured problems [19] .
Materials and Method
The study was conducted in Benin, Burkina Faso, Ghana, Senegal and Mali. These countries were selected as providing a fair cross-section of Sub-Saharan Africa, as well as being the site of donorassisted projects on the reduction or cessation of mercury use in gold extraction. They were also selected because of the introduction of cleaner technology alternatives to mercury. Benin is bordered to the west and east by Togo and Nigeria, respectively. Petroleum oils, refined (44%), Gold (16%), Cotton raw (9%), Coconuts, Brazil nuts and cashew nuts (7%), Copper waste and scrap (6%) constitute the major exports of Benin. As at July 2012, Benin's population was estimated at about 9.6 million [20] . The total population in Burkina Faso was last recorded at 16.5 million in 2012 from 4.8 million in 1960, changing by 241 percent during the last 50 years [21] . Ghana has a population of 24.3 million [22] , and gold is a major export commodity, with this metal bringing in nearly 48 percent of the country's revenue.
After South Africa, Ghana is the largest gold producer in Africa and in the first quarter of 2012, the country earned around $1.5 billion through export of gold. According to the Bank of Ghana, the country will continue seeing an increase in revenue with gold exports. It was expected that in 2012, Ghana will earn more than $4 billion with gold exports. The Republic of Mali is a landlocked West African country, located in the Sahel belt. More than half of Mali's territory, mainly in the north, is desert. The large majority of the around 13 million inhabitants thus live in the south of the country [23] 
Study Design
A case study design was used in this paper. It was based on a wide range of sources to enlighten how regional differences in current forms of local or artisanal gold mining have evolved, as a result of 1) local practices of gold mining, social hierarchies and the allocation of land; 2) colonial administrative and technological interventions, and; 3) geological and geographical context in which people live and work. This approach also facilitated the assessment of the nature of ASM from the perspective of the actors, and addressed why regulation of mercury use in the countries of interest has been an enduring issue for gold mining communities and for policy makers.
Focus Group Discussions and Interviews
The fieldwork in the five countries was conducted between June and December 2011. In each country, the fieldwork was conducted in two phases, in June-September and October-December 2011. The first phase sought to elicit an impression of conditions in the mining areas, an overview of stakeholders, and necessary contacts. In the second and main phase of the fieldwork, interviews were conducted in the mining communities with representatives of the local management of the mining groups, local government authorities, civil society and traditional leaders. A total of 160 Focus Group Discussions were conducted in the five countries, and of these, 71 were with women, and 89 were with men. Some civil society representatives were interviewed in the capital of each of the 5 countries. While the primary form of data used in this study was interviews, personal observations and documentary analysis were also integral to the overall results and conclusions. Three broad stakeholder groups whose perspectives were deemed important to this study were identified and selected: miners (included those working in formal and informal mining sectors; leaders of small miner organizations -at national, regional, and local level), government (e.g., members of the Ministry of Land and Natural Resources at national and regional levels, local municipal government officials), and civil society (including environmental consultants, NGO personnel involved in the mining sector, and non-mining members of the local communities). There was some overlap between the groups.
Documentary Analysis
Documentary analysis or desk reviews of literature pertaining to published mining permits, national laws and regulations, as well as documents produced by support and mining organisations were carried out prior to fieldwork. Consultation regarding unpublished reports from government ministries (MT, WRC, FC, MC, MLNR, and MLGRD) and local NGOs was done in the course of fieldwork. Informal discussions with staff in stakeholder organisations on the social and environmental impacts of small-scale mining, covering sources of conflicts, problems and risks to the sustainability of their activities were held as part of fieldwork.
Data Processing and Analysis
Using NVIVO 9, all interviews were coded to identify comments related to a list of important themes created from the literature (stakeholder characteristics, nature of ASM, major barriers to cleaner production, policy failure at regulating mercury use) and research goals (use of Hg in processing, responsibilities, leadership). These themes were assigned preliminary codes and then were later refined throughout the analysis from emergent data. Sub-categories were also assigned to certain categories to separate different responses such as the reasons assigned for policy failure by different stakeholder groups. Respondents were provided code numbers in order to maintain confidentiality. Those participants who were interviewed formally were numbered 1 through 70, while participants who were interviewed informally were numbered 71 to 80.
Stakeholder Analysis
Stakeholder Analysis is recognized as a potent tool for analyzing and assisting the formulation of environmental policy [25] . Since ASM intervention strategies or policies will not affect different groups in society uniformly, it is imperative to assess the impact and consequences of ASM policy on different groups in society. This underscores the significance of stakeholder analysis [26] . There are various ways of mapping the interests, importance and influence of stakeholders. Within the context of this paper stakeholders were analyzed based on the classification scheme proposed by the International Centre for development-oriented Research in Agriculture [27], as shown in Table 1 .
Stakeholders were also analysed using the matrix of local influence and importance as proposed by [26] , and shown in Figure 2 .
Results and Discussion

Scope of ASM activities in the Selected West African Countries
The results show that artisanal gold miners are located in all auriferous areas in each of the selected countries, in the following areas: (1) concessional areas, (2) old surveyed areas, (3) in the fields of local communities (4) farms, (5) conservation areas, (6) urban and (7) other areas not designated for agricultural or farming activities, forestry, mining, conservation or recreation (public areas). This reflects the pervasive nature of ASM across spatial scales in the countries of interest. Key stakeholders refer to actors who are considered to have significant influence on the success or otherwise of ASM intervention strategies. Primary stakeholders are the intended beneficiaries of the strategies while secondary stakeholders serve as intermediaries during the implementation of the ASM strategies (e.g., introduction of cleaner and alternative gold extraction technology). Active stakeholders are determinants of decision making while passive stakeholders are affected either positively or negatively by the decisions of others. Here, importance reflects groups whose interests and needs the intervention strategy seeks to address while influence reflects the power certain stakeholders wield over the success of the ASM improvement strategies. Table 1 Table 2 ). The debate has been simplified into competing 'stories' and narratives, which emphasize different aspects of the mercury pollution issue.
Stakeholder Analysis
Secondly, the ASM and mercury pollution problem has many interdependencies and is multi-causal.
There are internally conflicting goals or objectives within the broader mercury pollution problem in the five countries, as shown in Table 2 . In dealing with illicit ASM, for example, there is tension between the goal of minimising risk to existing artisanal miners who use mercury in gold extraction via measures such as the provision of safe mining technologies, and the goal of sending a clear message that illicit ASM is illegal. In Ghana, historical antecedents particularly the criminalization of artisanal mining by pre-and post-independence governments alienated this group of miners [28] .
In this context, some artisanal miners have claimed they failed to heed the call by government to register and legalize their operations for the reason that they had become accustomed to operating under cover over the years and were uncertain of the prospects and benefits of legalization. Still, many of them remain unregulated so their activities cannot be easily monitored for environmental compliance. Consequently, the problem of mercury pollution will, invariably, be exacerbated. This is unsustainable. Similar miner experiences have been observed in the Tambacounda region of Senegal (an area, which holds the Sabodala Deposit; one of the largest gold deposits in West Africa); likewise in the north-west of Benin, in the Atakora Mountains, south of the district capital Natitingou and along the Perma River (in the vicinity of the villages of Kwatena and Tchantangou) [6] . legal status to the sector again [28] . Potentially, the law was environmentally friendly as it aimed at reducing mercury emissions to the atmosphere. However, in retrospect, the ordinance rather worsened the magnitude and frequency of mercury emissions. This is because the ordinance compelled indigenous artisanal miners, all of whom were users of mercury, to go into hiding for over 60 years. Their mercury use and unregulated activities were carried out in secrecy leading to widespread contamination of surface water bodies. Consequently, the persistence of mercury use in ASM is inextricably linked to this ordinance.
Next, ASM and mercury pollution is unstable and appears to defy regulation (Table 2 ). In southwestern Ghana, particularly, Obuasi (Ashanti region) and Tarkwa (Western region) as in Burkina Faso, especially, Guéguéré (Ioba Province), Tiba District (Boulgou Province), and Nagrigré (Zoundweogo province), the activities of artisanal miners have resisted regulation. The ASM and mercury pollution problem and the constraints or evidence involved in understanding the problem (e.g. legislation, scientific evidence, resources, political alliances), are evolving at the same time that policy makers are trying to address the policy problem. Thus, policy makers have to focus on a moving target ( Table 2 ). The number of stakeholders is evolving with time as are the central policy issues. In Figure 2 , for instance, some of the stakeholders (e.g. CEIA and FON) were unknown 10 to 15 years ago. Their emergence indicates that the stakeholders of ASM are in dynamic flux.
Furthermore, the social complexity of the ASM and mercury pollution issue can be observed in the multiplicity of stakeholders and the spatial scale at which they operate. For example, in Figure 1 , there are linkages and feedbacks between stakeholders at the individual, household, community, and district, regional, national, and international levels. Actions of stakeholders at one level may hold implications for stakeholders at other levels. Therefore, solutions to ASM and mercury pollution should encourage coordinated action by a range of stakeholders, including organisations (government agencies at the national, regional and local levels), non-profit organisations, private businesses and individuals.
Also, it is obvious that the problem of mercury pollution does not sit conveniently within the responsibility of any one organization; and is characterized by chronic policy failure. It has been asserted, for example, that the failure of policies designed to regulate ASM in Ghana may be partly responsible for an apparent increase in mercury-induced surface water pollution in mining areas over the past 80 years [29] . Traditional bureaucracy, divided into vertical strata, in which most of the authority for resolving problems rests at the top of the organisation, is not well-adapted to support the kinds of process necessary for addressing the complexity and ambiguity of ASM and mercury pollution. Usually, bureaucracies tend to be risk averse, and are intolerant of messy processes [14] . They excel at managing issues with clear boundaries rather than ambiguous, complex issues that may require experimental and innovative approaches. Engagement is most important when the active participation and cooperation of citizens is required as part of the solution. Because mercury pollution is imperfectly understood, it is important that it is widely discussed by all relevant stakeholders in order to ensure a full understanding of their complexity [14] .
Usually, part of the solution to wicked problems involves changing the behaviour of groups of citizens or all citizens [14] . The colonial policy to ban ASM did not necessarily limit the use of mercury neither did the lifting of this ban in 1989 and subsequent partial regularization of ASM activities reduce mercury pollution. Resolution of mercury pollution from ASM activities requires changes to the way people behave; these changes cannot readily be imposed on people. Behaviours are more conducive to change if issues are widely understood, discussed and owned by the people (artisanal miners) whose behaviour is being targeted for change.
Other key ingredients in solving or at least managing this complex policy problem include successfully working across both internal and external organizational boundaries and engaging citizens and stakeholders in policy making and implementation [17] . The mercury pollution problem requires innovative, comprehensive solutions that can be modified in the light of experience and on-the-ground feedback. All of the above can pose challenges to traditional approaches to policy making and programme implementation. Lately, several cross-spatial initiatives that are responsive to some of the issues highlighted above have been initiated in the five countries. For instance, in Burkina Faso, Mali and Senegal, the United Nations Industrial Development Organization (UNIDO), the Global Environment Facility (GEF), and the United
States Department of State have commenced a regional program that builds local capacities to address the growing issues surrounding ASM including the use of mercury and cyanide, regularization of the informal economy, health and safety, and supply chain management. The program includes training and education programs using a variety of approaches including print media, demonstrations, social media, and cell phones. In Ghana, the program is also working with the University of Mines at Tarkwa (UMaT) to develop, improve, and introduce direct smelting technology to groups of miners who use mercury to recover gold. Over the past five years, UMaT has successfully developed a direct smelting kit, which has been provided to miners at subsidized
rates. This initiative has demonstrated that purifying gold without the use of mercury is possible in this context. The kit consists of an efficient furnace, a few common compounds, and some other tools which enable gold concentrates to be directly smelted, thereby avoiding the mercury amalgamation step.
Characterising Artisanal Gold Mining: A Conundrum?
Hitherto, a shortcoming of much analysis of the artisanal gold mining phenomenon has been the failure to make a clear distinction between the size of mining (artisanal, small, medium or large- mining in legislation; in such cases, the former is associated with illegal activities and minimal mechanisation, and the latter, with semi-mechanisation and organisation [30, 31] . Notwithstanding this, the ASM issue has been framed from several perspectives as shown below.
Multiple framings of ASM by various actors in West Africa
It was observed that ASM was framed severally by various stakeholders in the 5 countries.
Interestingly, allied stakeholder groups framed the issue in an identical manner irrespective of the country concerned. For instance, in all five countries, ASM was framed as a human rights issue usually by international NGOs. In Mali, for instance, children between the ages of 6 and 17 indicated they dug pits, worked underground in unstable mines, carried and crushed heavy ore, and used toxic mercury to extract gold in artisanal gold mines in Kéniéba and Kolondiéba. ASM was framed as an environmental issue in all five countries. In this context, the bioaccumulation of methylmercury in the food and subsequent ingestion by residents of downstream communities as they eat contaminated fish was a popular narrative by government. Civil society stakeholders also framed ASM as a health issue and made particular reference to mercury toxicity and its association with permanent overt brain damage, seizures, vision and hearing loss, delayed childhood development, language disorders, deficits in fine motor functions and memory issues [28] . Interestingly, in this study, it was found that seldom did artisanal miners frame ASM as a health issue.
The local NGOs in the five countries tended to frame ASM as a political issue. Political perceptions and attitudes towards the ASM sector are central to progressive policy processes. To a large extent, however the industry has always been viewed politically as a marginal sector because of its geographic remoteness, rudimentary nature, association with the higher profile TNCs, and Government and public perceptions of its significance in relation to other sectors such as agriculture. Although contemporary scholarship indicates the increasing integration of ASM in the national economies of the five countries, this study found the rate and extent of integration were still low. The relationship between TNCs and ASM is complex and reflected in the political attention afforded to the two sectors. The latter is often seen as inextricably linked to the former in a variety of ways (e.g. prospectors, existing land users, trespassers, neighbours etc.). There are some examples of mutually beneficial interaction between the two groups [32, 33] but in the majority of cases, relationships are strained, with conflicts resulting from dispute over control and access land and minerals [34] . This tension is exacerbated by the infiltration of foreigners who by law are not permitted to mine on a small scale into the ASM sector. In Ghana, for instance, the influx of the Chinese into the sector has generated a lot of tension and threatens to undermine the political and economic ties between Ghana and China [35] .
ASM was framed as an institutional and legal issue especially by the representatives of government and international NGOs though some artisanal miners also alluded to it. Issues that emerged within this framing include limited legalization and provision of security tenure to small scale mining communities; lack of a regional certification mechanism; limited harmonisation of national legislation; absence of regional database on mineral flows; limited or no formalisation of the artisanal gold mining sector; and limited involvement in the Extractive Industry Transparency Initiative (EITI).
ASM was delineated as a socio-economic issue mostly by artisanal miners. In this vein, the artisanal miners were unequivocal that it was a question of survival, poverty alleviation and livelihood. For instance, some artisanal miners in Ghana and Senegal quipped "…should we wait for all the gold to disappear before claiming what rightfully belongs to us? We have to survive on our heritage…"
Mostly, the World Bank and the IMF viewed the ASM issue in West Africa as a technological issue. They argued that there were a number of cleaner technology alternatives to current methods of mercury amalgamation. Education was identified as a barrier to technology adoption by small scale miners. It has been suggested that the use of retorts during the mercury burn-off stage is a simple and cost-effective way to decrease the occupational exposure to mercury and minimize its release into the environment. Based on this technological worldview the two organisations had sponsored education and cleaner technology programs in the countries studied.
The framing of ASM as a man-made hazard provides an interesting view of the issue. This is because the artisanal miners involved in it viewed the activity as a low risk issue and were relatively unconcerned about the hazard it posed to them. However, interviewees in government agencies rather considered it a man-made hazard. In fact, one of representatives from a government agency in Ghana referred to ASM as a "latent time-bomb". In Ghana alone, collapses of more than 200 mine pits have been reported by the media in the last 10 years. Cumulatively, more than 2000 people were alleged to have died and several thousands have either been trapped or severely injured in these incidents. Mine pit collapses have also been reported in the Sudan, Tanzania, Sierra Leone and the Democratic Republic of Congo in which several hundreds of artisanal miners died. This situation is even more critical when viewed against the background that for every reported pit collapse, about three other pit collapses goes unreported.
Conclusion
In this paper, artisanal gold mining and its associated mercury pollution was characterised as a wicked environmental problem for public policy making. It is concluded that the social complexity of the ASM and mercury pollution problem, rather than its technical complexity, overwhelms most current problem-solving and project management approaches. The colonial policy to ban ASM did not necessarily limit the use of mercury neither did the lifting of this ban in 1989 and subsequent partial regularization of ASM activities reduce mercury pollution. Although tackling the ASM and mercury pollution problem is an evolving art, it however requires holistic, not partial or linear thinking, innovative and flexible approaches, the ability to work across agency boundaries, increasing understanding and stimulating a debate on the application of the accountability framework, effectively engaging stakeholders and citizens in understanding the problem and in identifying possible solutions, a better understanding of behavioural change by policy makers, and tolerating uncertainty and accepting the need for a long-term focus. These approaches are not intended as a panacea but stand a greater chance of succeeding where traditional approaches have practically failed. It is in this way that we stand a chance of nearing sustainability.
